Objective: Multiple sclerosis (MS) is the most common inflammatory disease of the CNS. Experimental autoimmune encephalomyelitis (EAE) is a widely used model for MS. In the present research, our aim was to test the therapeutic efficacy of Calcium (Ca) in an experimental model of MS. Methods: In this study the experiment was done on C57BL/6 mice. EAE was induced using 200 μg of the MOG 35-55 peptide emulsified in CFA and injected subcutaneously on day 0 over two flank areas. In addition, 250 ng of pertussis toxin was injected on days 0 and 2. In the treatment group, 30 mg/kg Ca was administered intraperitoneally four times at regular 48 hour intervals. The mice were sacrificed 21 days after EAE induction and blood samples were taken from their hearts. The brains of mice were removed for histological analysis and their isolated splenocytes were cultured. Results: Our results showed that treatment with Ca caused a significant reduction in the severity of the EAE. Histological analysis indicated that there was no plaque in brain sections of Ca treated group of mice whereas 4 ± 1 plaques were detected in brain sections of controls. The density of mononuclear infiltration in the CNS of Ca treated mice was lower than in controls. The serum level of Nitric Oxide in the treatment group was lower than in the control group but was not significant. Moreover, the levels of IFN-γ in cell culture supernatant of splenocytes in treated mice were significantly lower than in the control group. Conclusion: The data indicates that Ca intervention can effectively attenuate EAE progression.
Introduction
Mul tiple sclerosis (MS) is the most common autoimmune inflammatory disease of the central nervous system (CNS). MS is characterized by immune-mediated demyelination and neurodegeneration of the CNS with lesions predominantly occurring in the white matter. 1 Although MS afflicts more than two million people, its etiology remains unresolved and currently there are no adequate therapeutic interventions. 2, 3 MS is the third major cause of disability in the USA. Unfortunately, the exact statistics of Iranian MS patients are not available, but based on the estimation of the Iranian MS Association; there are approximately 50000 MS patients in Iran, most of whom are living in the Isfahan province. 4 The pathogenesis of the disease is characterized by the activation and infiltration of mononuclear cells predominantly antigen-specific CD4 + and CD8 + T cells and B cells in the CNS, reactivation by resident antigen presenting microglial cells, secretion of proinflammatory cytokines/chemokines along with generation of other inflammatory mediators. 3 The phagocytes best known to be involved in Experimental autoimmune encephalomyelitis (EAE) are monocyte-derived CD11 C+ dendritic cells and macrophages originating from either microglia or monocytes. 5 EAE is a widely used model for MS that is initiated and driven by myelin-specific CD4 + T cells producing IFN-γ, TNF-α and IL-17 in the CNS. 6 In C57BL/6 mice, EAE is typically induced by immunization with residues 35-55 of myelin oligodendroglial glycoprotein (MOG), a component of the myelin sheath. 7, 8 The EAE is thought to be a T cell-mediated autoimmune disease, so that, both Th 1 and Th 17 cells were thought to be responsible for the inflammatory demyelination in MS and EAE, whereas Th 2 , Foxp 3 regulatory T cells and related cytokines have been shown to be important in the resolution stages of the disease. 9, 10 On the other hand, there is significant evidence that at least part of the pathogenesis of autoimmune demyelinative diseases, such as MS and various other neurodegenerative diseases, may involve the generation of reactive oxygen species (ROS).
11 ROS can directly cause demyelination, and they also activate nuclear transcription factor kappa B (NF-κB), thus resulting in the up-regulation of tumor necrosis factor alpha (TNF-α) and inducible nitric oxide synthase (iNOS). 12 In living systems, free radicals are constantly generated and they can cause extensive damage to tissue. 13 Antioxidants reduce the expression of inflammation related molecules in the CNS such as iNOS and nitrotyrosine; a marker of peroxynitrite reactivity. 12 Calcium ions (Ca 2+ ) are essential second messengers in the human body. 14 . This process activates calcineurin to dephosphorylate NFATc transcription factors. Subsequent nuclear localization and formation of NFATc complexes turn on and off genes required for T cell development, activation, cytokine production, and anergy. 15 It has been described that 1000 IU ⁄ day vitamin D and 800 mg Ca intake can increase the anti-inflammatory transforming growth factor (TGF)-β1 serum levels. 16 The level of TGF-β1 appeared to be low in patients with MS. 17 Furthermore, 1,25(OH) 2 D3 loses its effect when low calcium diets are fed. Hypercalcemia itself suppresses EAE; thus, it is not at all clear whether any vitamin D compound can suppress this disease without hypercalcemia. 18 The aim of this study was to determine the therapeutic effect of Ca on the improvement of EAE induced by MOG in mice and elucidate the involved possible mechanism.
Methods
C57BL/6 male mice, 8-10 weeks of age were obtained from the Pasture Institute of Iran. Mice were randomly separated into three groups: normal, control and treatment, consisting of 8 mice in each group. All mice were housed in groups of four in cages on a 12-hour light-dark cycle and free access to food and water. All procedures involving animals were performed according to the Animal Ethics guidelines approved by Tehran University of Medical Science.
Initially, anesthesia was done by ether, and each mouse then received a subcutaneous injection of 200 μg synthetic MOG (MEVGWYRSPFSRVVHLYRNGK;Diapharm Ltd, Russia) solubilized in PBS and mixed with 100 μl of complete Freund's adjuvant (CFA), (Sigma-Aldrich, St.Louis, MO). A 200 μl volume of MOG and CFA was injected subcutanously in two flank areas. Mice were also intraperitoneally (i.p.) injected with 250 ng of pertussis toxin (Sigma-Aldrich, St.Louis, MO). A second, identical injection of pertussis toxin was given after 48 h. 19, 20 Ca with dose 30 mg/kg was administered i.p. in the treatment group four times at regular 48 hour intervals. [21] [22] [23] Treatment was carried out 2 days after EAE induction by day 8 post-induction. Control and normal groups received 100 μl PBS. Clinical assessment was performed daily from day 9 post-immunization until day 21. Mice were monitored daily and assessed by clinical score.
The clinical grade was scored as follows: 0=no clinical sign; 1=partial loss of tail tonicity; 2=complete loss of tail tonicity; 3=flaccid tail and abnormal gait; 4=hind leg paralysis; 5=hind leg paralysis with hind body paresis; 6=hind and foreleg paralysis; 7=moribund or death. 24 To evaluate by histopathology, mice were sacrificed after 21 days following anesthetization by injection of ketamin and zylasin.
Brains were dissected out and fixed with neutral 10% formalin overnight and routinely embedded in paraffin wax. Brain sections (8 μm thick) were stained with hematoxylin and eosin (H&E) that was used to highlight areas of inflammation by darkly staining the nuclei of mononuclear cells. Immune cells stained with H&E were counted in a blinded manner under a light microscope using a 10× magnification with 12 sections examined per animal. 25 Total antioxidant capacity was measured according to the FRAP test. In the FRAP test, antioxidants in the sample reduce ferric tripyridyltriazine complex (Fe The results were expressed as μmol of ferric antioxidant capacity (the FRAP value) and were compared with the standard curve prepared using FeSO4, 7H 2 O 1 mM in a range of concentrations from 125 to 1000 μM. 26 NO was assayed by measuring nitrite as the end product of reaction, which was determined by a colorimeter assay based on the Griess reaction. Griess reagent was prepared by solving 1g sulfanilamide in 100 ml phosphoric acid 5% mixed with 0.1g naphtyl ethylene diamine-HCl (NED) in 100 ml distilled water. Serum sample (100 μl) was mixed with 100 μl of Griess reagent at room temperature for 10 min. Absorbance was measured using microplate reader at 550 nm. Concentration of nitrite was determined by standard curve of sodium nitrite 0.1 molar prepared in distilled water. 27, 28 Single cell suspensions were prepared from spleens on day 21 post immunization. Splenocytes isolated from mice were treated with NH 4 Cl to remove red blood cells. Cells were resuspended in PBS and cell count was performed. Then 2×10 6 cells per well were cultured in 24-well culture plates in RPMI medium supplemented with 10% FCS, 2 mM L-glutamine, 100 μg/ml penicillinstreptomycin (Sigma-Aldrich, St. Louis, MO), in the presence of 20 μg/ml MOG peptide. Cultures were incubated for 72 hours in 5% CO 2 at 37°C. To assay cytokine, cells culture supernatants were collected after stimulation with antigen. IFN-γ was quantified by two-site sandwich ELISA using a commercially available kit (Bender Med. Systems, Austria) on cell culture supernatants. Absorbance was read at 450 nm using a microplate ELISA reader. The concentration of cytokine was estimated from a standard curve generated for each run.
ANOVA was used for statistical comparison of the results. When ANOVA was significant, Fischer' s LSD multiple comparison test was applied. Significance was defined at the 0.05 level. Results were expressed as mean ± S.D.
Results
The initial clinical expression of the axonal damage in EAE model is represented by well-defined signs such as weight loss, tail paralysis and hind-limb weakness. All immunized mice with MOG developed EAE. The clinical assessment indicates that Ca ameliorates the progression of EAE. The clinical course and severity of the disease showed a difference between the treatment and control groups (Fig 1) . The mean severity score of disease was significantly higher in control mice (4.87 ± 0.83) than in treated animals (3.5 ± 1.16), (p<0.01). These effects led to significant clinical improvement and delayed disease progression during 21 days of observation, indicating that Ca can ameliorate the progression of EAE. We examined the correlation between the clinical symptoms of EAE with histopathology of CNS in the control and treated mice. Histology analysis indicates that there was no plaque in group of Ca treated mice whereas 4 ± 1 plaques (in each section) were detected in the control group as shown in Fig 2. The density of mononuclear infiltration in the CNS of Ca-treated mice was 500 ± 200, whereas it was 700 ± 185 in the control group, (p<0.001). As shown in Fig  2 , the mice treated with Ca displayed a lesser grade of inflammation in the CNS than the control mice. These results indicate that the histopathology of CNS correlates with the clinical severity of EAE in treated and control mice.
All mice were sacrificed 21 days after EAE induction and blood samples were taken from their hearts. FRAP reaction was performed on serum sample. Antioxidant capacity was expressed as the FRAP value. The results are shown in Fig. 3 . Treated mice showed higher FRAP values (641.86 ± 133.7 μmol) compared to control mice (327.73 ± 11.24 μmol). Statistical analysis showed that antioxidant activity in the treatment group was significantly higher than in the control mice (p<0.001). Griess reaction was performed on serum sample. As shown in Fig. 4 , NO production was reduced in treated mice but was not significant (8.67 ± 6.12 μM/dL, p>0.05), compared to control mice (11.14 ± 2.8 μM/dL). In the normal group, NO production was 3.7 ± 1.25 μM. Calcium therapy showed a decrease in NO concentration in serum and this was in agreement with clinical findings.
Splenocytes were obtained from mice and cultured for 72 hours in the presence of MOG . The treatment group significantly exhibited lower levels of IFN-γ production in comparison with the diseased group (Fig. 5 . 85 ± 57 ρg/ml and 1492 ± 443 ρg/ml respectively, p<0.001). 
Discussion
EAE as an experimental model of MS is, an autoimmune disease of CNS mediated by CD4 + T lymphocytes specific for auto antigens of the myelin sheath, including myelin basic protein, proteolipid protein and myelin oligodendrocyte glycoprotein peptide. [28] [29] [30] Relapsing/ Remitting EAE (RR-EAE) induced by active immunization with the immunodominant epitope of MOG is characterized by an initial acute phase, followed by a series of remissions and relapses. 30 
CD4
+ Th 1 cells and their proinflammatory cytokines are suspected to be important in the pathogenesis of MS, and necessary for the induction of RR-EAE. 31 The cytokine profile and the nature of cellular infiltrate are markedly different during the clinical course of RR-EAE, so that the over expression of the proinflammatory cytokines, IFN-γ and TNF-α are essential mediators for disease induction. Th 2 cell clones specific for encephalitogenic peptides are unable to induce the disease and can inhibit Th 1 autoimmune clones, presumably by secreting IL-4, IL-10, and TGF-ß. 32 Our findings suggest that Ca is capable of suppressing a preactivated immune system in the late effector phase leading to disease eruption. The dose-response experiments carried out in the present study demonstrate that Ca has an optimum therapeutic effect at dose 30 mg/kg.
The pathogenic processes in EAE are mainly related to the secretion of IFN-γ. 33, 34 this study showed that treatment with Calcium can inhibit a pro-inflammatory Th 1 -based cytokine response and attenuate clinical signs in EAE. The results obtained in this research clearly show that Calcium therapy effectively reduces the severity of EAE-associated clinical symptoms and neuroinflammation in the brain. Moreover, Calcium therapy showed an appropriate cytokine response based on decreasing production of the pro-inflammatory Th 1 cytokine, IFN-γ.
In addition, the results showed that the level of serum nitric oxide was less than in the control group, because the IFN-γ which can induce NO production might be decreased through decreasing the production of this cytokine. 35 On the other hand, enhancement in brain penetration might be explained by the partial disruption of the BBB that occurs in EAE and MS. It should be noted that osmotic disruption of the BBB could be the best way to fully open the barrier for penetration of drugs. 36 The current study demonstrates that Ca ameliorates the severity of EAE and attenuates inflammatory cellular infiltration into the CNS. Calcium seems to suppress the activation of macrophages/ microglia and decreases production of NO, probably by suppressing the expression of iNOS. Moreover, Ca prevents Th 1 differentiation by alleviating the production of IFN-γ. These mechanisms may together indicate the beneficial effect of Ca on EAE and also be applicable to the treatment of MS.
Conclusion
The results of this study suggest that Ca modulates EAE, at least in part, by its antioxidant property, suppressing NO and IFN-γ production. This finding encourages further investigations of Ca and in its role as a potential candidate for developing more efficient therapeutic strategies against multiple sclerosis.
